NDERNUTRITION is a common problem among nursing home (NH) residents (1) (2) (3) (4) (5) (6) that is associated with numerous adverse, costly clinical outcomes (7) (8) (9) (10) (11) . Physiological (e.g., reduced taste sensations) and medical factors (e.g., dementia, depression) may contribute to undernutrition, but several recent studies suggest that behavioral and environmental factors may be more important determinants of food intake in the NH setting. These factors include: staff failure to identify residents with poor oral intake (12) (13) (14) ; inadequate staff to provide feeding assistance; feeding assistance that fails to promote independence; and social isolation during mealtime (12, (15) (16) (17) (18) . On the basis of these studies, recommendations have been made by multiple groups to increase NH staffing ratios, particularly the number of certified nursing assistants (CNAs), during mealtime (16, 19, 20) . These staffing recommendations, however, are based mostly on observational data, which indicate that staff do not provide adequate assistance, and on expert consensus regarding optimal feeding assistance care. There are, however, no specific data available related to two critical variables necessary to estimate mealtime staffing needs in NHs. These variables are: (i) how many residents with low intake are responsive to feeding assistance and (ii) how much time is required to provide assistance at mealtimes with those residents who are responsive. We will report preliminary data relevant to these two variables in this article.
M ETHODS

Setting and Recruitment
Participants were recruited from three NHs, two of which were proprietary, which housed a total of 482 residents. CNA-level staff-to-resident ratios across the three NHs, as reported by the director of nursing, were typical of industry standards (9 to 10:1 during the 7 am to 3 pm shift and 12 to 15:1 during the 3 pm to 11 pm shift). Inclusion criteria required residents to be long-stay (non-Medicare), free of a feeding tube, and have problems with low oral intake during mealtimes in the absence of a medical reason that prevented the resident from being able to intake food orally (gastrointestinal or dental disease).
A total of 146 residents in the three homes, who were due a minimum data set (MDS) assessment, were evaluated by research staff over 3 days (nine meals). All residents who ate less than 75% of the food offered during most of these meals were identified as having low intake because the 75% criteria is used on the MDS to identify residents potentially at risk for undernutrition (21) . The procedure utilized to estimate oral intake involved taking photographs of each participant's meal tray before and after each meal in addition to direct observations during the mealtime period, both of which were conducted by trained research staff. The photography method has been shown to be a reliable and valid method for estimating food and fluid intake during mealtimes for NH residents (14) . Percentage estimates for each food and fluid item and total intake were calculated on the basis of the photographs by different trained research staff who were blind to the purposes of the trial as to whether the participant was in the usual NH care or feeding assistance intervention condition. The agreement between the intake percentage estimates based on the direct observations and the estimates conducted by different blinded research staff members based on the photographs for the participants in this study was high ( r ϭ .89, p Ͻ .001). Percentage estimates were calculated as opposed to caloric estimates because NH staff, specifically CNAs, are required to conduct daily percentage estimates for each meal, and these daily percentage estimates are used to identify residents who are at risk for undernutrition due to poor oral intake (i.e., consuming less than 75% of most meals).
During each condition, research staff also recorded the frequency and content of verbal (e.g., "how is your lunch today?" or "why don't you try a bite of your soup?") and physical prompts (e.g., physically guiding resident's hand to food or fluid items, helping resident to hold food or fluid items and guide to mouth, feeding resident bites of food) rendered by staff, the total amount of time staff were observed to provide assistance to residents, and the total time that residents had access to their meal trays. In addition, the presence or absence of the following resident behaviors, which might interfere with eating or rendering feeding assistance (22) (23) (24) (25) , were documented for each meal: refusal of food or fluid items; complaints about taste; health complaints (e.g., pain, nausea); refusal of staff assistance; depression symptoms (e.g., crying); verbal or physical agitation (e.g., repetitive movements or verbalizations) or aggression (i.e., yelling, hitting); swallowing problems (e.g., coughing, drooling); and slow eating pace, defined as requiring greater than 25 minutes to complete a meal (26) . Level of agreement between two independent observers in 29 cases for these measures was high (intercorrelations ranged from .88 to .99, p Ͻ .001).
A total of 117 (80%) of the 146 residents were identified as having low intake, which is similar to the proportions of residents reported in other studies to have low intake on the basis of the 75% MDS criteria (12) (13) (14) . Of these 117 residents, a total of 20 (17%) were ineligible for this study due to transfer (6), feeding tube insertion (2), acute medical problems (5), or death (7). Research staff attempted to recruit the remaining 97 eligible residents. Consents were obtained from 74 participants (76%) of this eligible group.
Measures
Demographic, medical, and functional information was retrieved from each participant's medical record. Each participant's height was obtained from the chart, and independent assessments of body weight were conducted by research staff to calculate body mass index (BMI) values. The most recent MDS assessments (i.e., annual and quarterly) were retrieved from each participant's medical chart. The MDS-derived Cognitive Performance Scale (CPS) score was calculated for each participant (27) . The CPS total score ranges from 0 (cognitively intact) to 6 (severely impaired).
Feeding Assistance Intervention Protocol
Participants received a 2-day or six-meal (i.e., breakfast, lunch, and dinner on two consecutive days) trial of feeding assistance implemented by trained, CNA-level, research staff. The intervention consisted of the following components: one-to-one, continuous assistance; a standardized graduated prompting protocol that enhanced self-feeding capabilities; social interaction throughout the mealtime period; compliance with resident preference for dining location and type of assistance; proper positioning for eating; meal tray substitutions if preferred by a resident and extended access to tray up to 1.5 hours per meal. These intervention components have been identified as defining optimal feeding assistance quality (28) (29) (30) (31) (32) . All observation and photographic food intake measures that were completed during the usual care condition were repeated by research staff during the intervention condition.
A subsample of nine participants, who did not increase their intake in response to the initial 2-day intervention, received two to four additional intervention days to evaluate the accuracy of a 2-day intervention trial for determining a resident's responsiveness to feeding assistance. A different subsample of 18 participants, who showed significant increases in intake in response to the initial 2-day intervention, received a second 2-day trial during which the intervention was delivered to small groups of three residents to evaluate the feasibility of a group intervention. Table 1 shows the demographic, medical, and nutritional characteristics of the 74 intervention participants. The participants were typical of a community-dwelling, long-stay NH population in that they were predominately female (89%) and white (95%). They were moderately cognitively impaired as indicated by the prevalence of physician-recorded 20) . The majority (72%) of the participants were on a therapeutic or mechanically altered diet and/or had chart orders to receive a daily nutritional supplement (81%). There were no significant differences on any of these demographic, medical, or nutritional characteristics between the 74 intervention participants and those who did not participate in this study ( n ϭ 72) for whatever reason (i.e., adequate intake, no consent, transfer, medical reason, death). Half (37/74) of the participants showed little to no change (i.e., Ͻ 10% change) in their average total percentage intake between usual NH care and feeding assistance intervention conditions (46.4% Ϯ 13.0% to 46.6% Ϯ 13.8%, respectively). A total of 11% (8) showed marginal increases (i.e., between 10% and 15% gains) in their average percentage intake (44.6% Ϯ 9.8% to 56.8 Ϯ 9.1%), while the remaining 39% (29) showed substantial (i.e., Ͼ 15%) increases (48.2% Ϯ 12.9 to 73.7 Ϯ 16.0). Table 2 displays the results for those 37 participants who showed an average gain in intake of Ͼ 10% (i.e., 8 "marginally responsive" plus 29 "responsive"). These participants had a significant increase in their intake (47% to 70%; t ϭ 12.86, p Ͻ .001); however, the total amount of assistance time was also significantly greater (average of 9 to 38 minutes/resident/meal; t ϭ Ϫ 12.68, p Ͻ .001) as was tray access time (32 to 39 minutes/resident/meal; t ϭ 3.17, p Ͻ .01). The quality of assistance also improved as documented by a significant increase in the frequency of verbal prompts to promote independence (2 to 15/resident/meal; t ϭ 7.6, p Ͻ .001).
R ESULTS
Participants and Setting
When 18 of these "responsive" participants were rendered feeding assistance in small groups of three (total of six groups), four became unresponsive in the group condition (usual care average ϭ 45%, individual average ϭ 63%, group average ϭ 43%). The average total percentage intakes for the remaining 14 in the usual care, individual, and group conditions were 51%, 82%, and 78%, respectively. There were, however, significant time increases that resulted from the need to transport all of the residents to and from the dining room for each meal (average amount of travel time only ϭ 2.52 Ϯ 2.26 minutes, range of 1 to 10 minutes/resident/meal) because most of these residents usually ate breakfast and dinner in their rooms in the typical NH care condition. Table 3 displays the same results for the 37 participants who showed little to no change in their intake (46% to 47%), despite the significant increases in total assistance time (3 to 39 minutes/resident/meal; t ϭ Ϫ 20.12, p Ͻ .001), frequency of verbal prompts (1 to 12/resident/meal, t ϭ 7.39, p Ͻ .001), and extended tray access time (35 to 39 minutes/resident/meal; t ϭ 2.12, p Ͻ .05).
Average intake during usual care did not differ between responsive and unresponsive participants (47% vs 46%, respectively). There was, however, a significantly larger proportion of residents in the "responsive" group who required physical prompts to eat (81% vs 57%; 2 ϭ 5.11, p Ͻ .05) as evidenced by the significantly larger number of physical prompts provided to residents in the responsive group in both usual care (19.7 vs 5.3; t ϭ Ϫ 2.97, p Ͻ .01) and intervention conditions (31.1 vs 7.4; t ϭ Ϫ 4.52, p Ͻ .001). The types of physical prompts provided in usual NH care, however, consisted primarily of NH staff feeding residents bites of food with little-to-no verbal interaction. In contrast, the physical prompts provided to residents in the intervention condition consisted of physical guidance to encourage selffeeding (e.g., guiding resident's hand to utensil or mouth, helping resident to hold beverages) as opposed to placing bites of food in resident's mouth; and, even when it was necessary for research staff to physically feed residents, verbal interaction remained present (e.g., "Would you like more soup? "What would you like a bite of next? Carrots or potatoes?").
There was little variability in participants' responses (i.e., average total intake) to the intervention between the six meals or the 2 days (intercorrelations ranged from .83 to .94, p Ͻ .001). Thus, participants' classification as "responsive" (i.e., intake gains Ն 10%) or "unresponsive" (i.e., intake gains Ͻ 10%) based on one (i.e., three meals) versus 2 days (i.e., six meals) of the intervention remained the same for the majority (87%, ϭ .73, p Ͻ .001). Similarly, the classification of all nine participants, who were classified as unresponsive based on the 2-day trial, remained unresponsive based on 4 to 6 intervention days (average intake in usual care, 2-day trial, vs additional days, 49%, 57%, and 55%, respectively).
An exploratory correlational analysis in which all variables listed in Table 1 , in addition to resident behaviors exhibited in the context of the intervention, showed the following seven variables to be significantly intercorrelated with change in the average total percentage intake: length of stay; number of diagnoses; CPS total score; total number of intervention meals (i.e., out of a possible total of six) during which the participant expressed food complaints; food refusal; symptoms of depression; or a slow eating pace. The intercorrelations ranged from Ϫ.24 (p Ͻ .05) to .50 (p Ͻ .001). These seven variables were entered into a regression analysis to predict change in average total percentage intake between the two conditions: usual care and the intervention. The model was significant (R ϭ .66, F ϭ 7.34, p Ͻ.001), with CPS total score (t ϭ 4.08, p Ͻ .001) and slow eating pace (t ϭ Ϫ2.40, p Ͻ .05) emerging as the two significant variables in the equation. A higher level of cognitive impairment was associated with a greater increase in intake, while a slow eating pace was associated with a smaller increase in intake.
DISCUSSION
The time requirements to implement the feeding assistance intervention greatly exceeded the time NH staff were directly observed to spend assisting residents in usual mealtime care. These data suggest that it will almost certainly be necessary to both increase staffing levels and to organize staff better to improve the quality of feeding assistance during mealtimes, which has been suggested by multiple groups (16, 19, 20) . These staffing investments, however, could be most effectively utilized if several additional factors are considered.
First, and most important, residents who are not responsive to feeding assistance during mealtimes must be correctly identified and alternative interventions developed for this group. The failure to identify these unresponsive residents would roughly double the number of staff needed during mealtime because, on the basis of this study, approximately 50% are estimated to be unresponsive. In addition, it would be difficult to manage staff since they would be expected to provide feeding assistance to a frustrating mixture of residents, some of whom respond well to assistance and some of whom do not.
Residents who were more severely cognitively impaired and, thus, required a greater amount of physical assistance to eat were more likely to be responsive to the intervention. In contrast, unresponsive residents were likely to be less cognitively impaired and able to eat independently and preferred to do so (i.e., accepting mostly verbal cueing from staff but refusing physical assistance) but ate slowly. The extended tray access time did not increase intake in this group nor did the social interaction and verbal cueing provided by research staff. Our preliminary data, however, strongly suggest that a 1-to 2-day trial of feeding assistance may be the most efficient and valid method of identifying residents who are unresponsive to assistance during mealtimes as opposed to relying on any resident characteristics. The strong associations between performance on day 1 versus day 2 of the feeding assistance trial and performance over longer time periods (i.e., days 3 through 6) that we report is encouraging; but, given the importance of correctly identifying unresponsive residents, it is clearly necessary to replicate these findings.
Second, the staff requirements to provide feeding assistance could be reduced further if staff were able to effectively provide feeding assistance to multiple residents simultaneously as opposed to individually. Again, our preliminary data suggest that feeding assistance can be effectively provided in small groups for most residents who are responsive to individual assistance, but additional time is required to get residents to and from the dining room for each meal. On the basis of our direct observations of usual NH care in this study, many residents were fed in their rooms during breakfast and dinner because of the time requirements to get these residents out of bed, dressed, and into the dining room. It is important to note that our travel time estimates, which ranged from an additional 1 to 10 minutes per resident per meal, did not include the time required to get residents out of bed, dressed, and groomed in preparation for transport to the dining room, all of which would substantially increase the minimal time required for the breakfast mealtime period.
Finally, food complaints and refusal of food were common among both responsive and unresponsive participants, although none of the participants were identified by NH staff as having food complaints according to MDS documentation. Food complaints may stem from a combination of poor food quality, diet orders, or lack of appetite associated with depression, medical conditions, and/or medications that have anorexigenic side effects. Alternative and supplemental interventions for all NH residents thus should address issues such as food quality, the necessity of diet and anorexigenic medication orders, and symptoms of depression that may not be treated adequately within nursing homes (33) (34) (35) .
In conclusion, the failure to accurately identify residents who are unresponsive to mealtime feeding assistance will reduce the effectiveness of any intervention that simply increases mealtime staffing under the false assumption that all residents will improve intake with enough staff attention. The failure of comprehensive, individualized, one-on-one feeding assistance to improve intake among a significant portion of residents in this study suggests that this is not the case and, more importantly, highlights the fact that the relationship between staffing and residents' food intake is complex.
